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Abstract: In order to obtain the mid-infrared optical properties of ZnS thin films, ZnS films with different thickness were 
prepared on K9 glass substrate by electronic beam evaporation. They were denoted by ABC . The optical properties 
of thin films were studied by Spectroscopic Ellipsometry. The measured date of film A BC were fitted by Brendel 
oscillator, and based on ZnS film properties and the film forming characteristic of the ZnS film, building the 
model“substrate(K9 glass)/EMA(50% K9 glass and 50% ZnS)/ZnS/rough surface layer(50% ZnS and 50% air)/air”. The 
optical constants curve and thickness of ZnS thin film were got. The results shown that the evaluation function MSE is 
small when Brendel model is used in data fitting. Within the wavelength range of 3000nm ~ 12500nm, the ZnS thin films 
refractive index and extinction coefficient are reduced with increasing wavelength. The Extinction coefficient tends to 
zero near the long wavelengh. The thickness of ZnS measured value was closest to the theoretical value. The results 
have certain reference value to measurement and preparation of high quality ZnS thin film. 
Keywords: Thin films, Optical constants, Ellipsometry, ZnS thickness of film. 
1. INTRODUCTION 
It is well known that ZnS is an important II-VI 
compound semiconductor materials. There are two 
structures of ZnS which are sphalerite (cubic) and 
wutzite (six type) crystal structure [1]. It is known to all 
that ZnS is an important material of the infrared 
transmission [2]. It also has good optical properties in 
infrared and far infrared range. Above all it has so 
many advantages, such as wide bandgap (about 
3.77eV) [3], low dispersion of visible and infrared range 
[4]. Moreover it is widely used for Electroluminescence, 
flat panel display, and cathode luminescence. 
Depending on high refractive index (2.2~2.3) [4] ZnS is 
often used materials of mirror, broadband antireflection 
film and a dielectricfilter film. Ellipsometry measure- 
ments is the highest measurement accuracy of optical 
constants of materials method. whatsmore this method 
is non destructive to sample, can be carried out in situ 
measurement [5].  
Up to now ZnS films have been studied by many 
times such as the study of optical properties of ZnS 
films with different deposition temperature by Yu [6], 
study of effect of substrate temperature on the 
properties of ZnS thin films by electron beam 
evaporation by Huang [7]. 
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All of the above methods of study gets some useful 
conclusion, but there are also some disadvantages. 
Because the reliability of the ellipsometric results 
largely depends on the modeling [8, 9], it is very 
important to choice the oscillator. Research shows that 
dispersion models commonly used such as Cauchy 
model and Sellmeier model which can get accurate 
optical constants near the transparent zone of the 
intrinsic absorption band [10-12]. But it is low precision 
when these oscillator used in mid infrared. Brendel 
dispersion model can well simulate the molecules 
vibration absorption in the mid infrared range [13].  
In this paper we described the electron beam 
evaporation processing of different thickness of ZnS 
films.Three physical models simulated ZnS structure. 
The optical constants of ZnS were obtained in mid 
infrared range. 
2. EXPERIMENTAL PROCEDURE 
There are 3-design thickness of ZnS thin films 
115nm, 467nm, 652nm were prepared on K9 glass 
substrate by the TXX550- II box type vacuum coating 
machine. 
They were denoted by ABC, Raw materials are 
ZnS (99.99%) particles. The vacuum is not less than 
310-3Pa. The temperature of deposition is 2300C. 
Using method of optical extremum monitor it. The 
control center wavelength is 700nm. Using the German 
made SENTCH SE850F reflective spectroscopic 
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ellipsometry measurement these samples. The 
incidence angle is 70
0
. We get the 3 films ellipsometry 
parameter ( and ) at the range of 
3000nm~12500nm.  
3. THE DATA FITTING 
In order to get a reliable fitting data we shuold 
obtain K9 ellipsometry parameter before. Figure 1 is 
the K9 glass ellisomtry parameter ( and ) of 
measured and fitted. The evaluation function MSE is 
1.25, so the dispersion model can be used for the base 
model of the experimental group.  
In order to study the infrared optical properties of 
ZnS thin films, the author established 2 physical 
models of Table 1. Table 1 shows the physical model I 
is the monolayer ZnS films cover on K9 glass 
substrates,and ZnS layers is the Brendel oscillator 
model [14]. The physical model II is EMA (effective 
medium approximation) on K9 glass substrate, up layer 
is themonolayer ZnS film. The rough surface layer is 
between ZnS layer and Air layer. 
Table 1: Two Kinds of Physical Models for ZnS Films 
I II 
 Air 
 Rough 
Air ZnS 
ZnS EMA 
K9 K9 
 
The film A fitted with physical model I when the 
initial thickness is set to 115nm. After that the fitting 
result Figure 2 was obtain. And the tkickness of film A 
110.86nm was got. The evaluation function MSE is 
4.047.  
It was EMA (effective medium approximation) that 
was introduced to describe the mixture of ZnS flim and 
K9 galss. EMA layer designed as hybrid ZnS film and 
the K9 glass [15]. The proportion of ZnS thin films 
linear increase form 0 to 100% with the increase of the 
thickness [16]. In addition considering the surface of 
ZnS films is rough, so introduce the layer of rough 
which contains 50% air and 50% ZnS films.When the 
 
Figure 1: Measured and fitted results of  and  of K9 glass. 
 
Figure 2: Measured and fitted results of  and  of A by model I. 
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model  was used the initial thickness of EMA layer is 
set to 3nm, the initial thickness of ZnS layer is set to 
115nm, the initial thickness of rough surface is set to 
5nm. Figure 3 is the result of this simulation. 
The results show that the thickness of EMA layer is 
0, rough surface layer is 2.90nm, ZnS film thickness is 
109.33nm, the evaluation function of MSE is 4.022.The 
Comparison between the results of 2 simulations can 
be seen the MSE of physical model I smaller 0.025 
than the physical model II. The thickness of EMA is 0, 
the gap and the mixture and does not affect the optical 
properties in this band, so that the EMA does not exist. 
Rough surface layer is considered to be the cause of 
MSE smaller. Figure 4 shows the optical constants 
curve of ZnS films by inversion calculated. 
From Figure 4 we can know that both the ZnS film 
refractive index and extinction coefficient decrease with 
the increase of wavelength. Refractive index from 
2.2981 at 3000nm reduced to 2.222 at 12500nm. The 
extinction coefficient is 0.0025 at 3000nm, and tends to 
0 at the long wavelength. 
The same method was used to simulation the film B 
and film C. The initial thickness of ZnS layer of thin film 
B is set to 467nm. Figure 5 shows the measured and 
fitted results of  and  of B by model I .MSE is 2.978. 
 
Figure 3: Measured and fitted results of  and  of A by model . 
 
Figure 4: Calculated reflactive index and extinction coefficient of ZnS (A). 
 
Figure 5: Measured and fitted results of  and  of B by model . 
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The thickness of ZnS layer of film B is 446.51nm. 
Figure 6 shows the measured and fitted results of  
and  of B by model II. The evaluation function MSE is 
2.956, ZnS thickness is 444.07nm, the thickness of the 
EMA layer is 0,the thickness of rough surface layer is 
3.56nm. 
It can be found that the thinckness of ZnS is samller 
22.93nm than design thickness. Figure 7 shows the 
optical constants curve of film B by inversion 
calculated.  
Figure 8 is measured and fitted results of  and  
of C by model I.The initial thickness of ZnS layer is set 
to 652nm. MSE is 3.853. Fig.9 is measured and fitted 
results of  and  of C by model II. The initial thickness 
of ZnS layer, EMA layer and rough surface layer are 
set to 652nm, 3nm and 5nm. So we got MSE which is 
3.674,thickness of ZnS layer which is 639.75nm, 
thickness of EMA layer which is 0nm and thickness of 
rough surface layer is 3.14nm.  
 
Figure 6: Measured and fitted results of  and  of B by model . 
 
Figure 7: Calculated reflactive index and extinction coefficient of ZnS. 
 
Figure 8: Measured and fitted results of  and  of C by model . 
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Figure 10 shows the optical constants curve of film 
B by inversion calculated. The Table 2 shows the 
parameters of all films. As can be seen from Table 2 
the refractive index of ZnS films more than 2.22, the 
extinction coefficient is small at the wavelength of 
10000nm. It can be found that the refractive index 
decreases with increasing wavelength and the 
extinction coefficient decreases with increasing 
wavelength in the wavelength range of 3000nm ~ 
12500nm. ZnS films is normal dispersion in this range. 
ZnS films molecular vibration absorption peak is not 
within the wavelength range. 
4. CONCLUSIONS 
By electron beam evaporation on k9 substrate 
prepared ZnS films of different thicknesses. Using 
ellipsometry to study optical properties of them at 
3000nm ~ 12500nm range. Two physical models 
designed to fit the film. The results show that: Brendel 
model can fit the measured data. The EMA layer do not 
affect the optical properties of ZnS films at this 
wavelength range. The refractive index decreases with 
increasing wavelength and the extinction coefficient 
decreases with increasing wavelength in the 
wavelength range of 3000nm ~ 12500nm.  
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